T he corneal endothelium forms a physiologic barrier between the nutrient-rich aqueous humor and avascular corneal stroma, and tight junctions are an integral component of this barrier. In general, tight junctions serve to restrict paracellular diffusion of ions, water, and macromolecules. Although the junctions of the corneal endothelium are known to be "leaky, " their enhanced permeability permits diffusion of nutrients into the avascular stroma. 1 Along with nutrient diffusion into the stroma, Na/K-ATPases in the corneal endothelium actively transport salt out of the cornea, drawing water with it. 2 Together, this dynamic "pump-leak" system creates an osmotic gradient that maintains corneal deturgescence while permitting nutrient delivery into the stroma. Disruption of the endothelial barrier results in corneal edema and loss of optical transparency.
Junctional adhesion molecules (JAMs) are a family of adhesion molecules found in intercellular junctions. [3] [4] [5] [6] Evidence suggests that JAMs are implicated in a variety of cellular process. For example, JAM-A is thought to be involved in regulation of tight junction permeability, leukocyte transmigration, angiogenesis, and platelet aggregation. In addition, evidence suggests that JAM-A is a receptor for reovirus, an enteric pathogen that can cause diarrhea in children. 7 JAM-C and the Coxsackie-adenovirus receptor (CAR) are closely related to JAM-A, and evidence suggests that these proteins have similar functions in cells, particularly with respect to leukocyte migration. One noted exception is that JAM-C is thought to be expressed exclusively in desmosomes, whereas JAM-A appears to be concentrated in tight junctions with some expression along the lateral membrane surface of polarized cells.
Structurally, JAM proteins are classified within the immunoglobulin superfamily (IgSF). The extracellular domain of JAMs contains two Ig-like loops, and evidence suggests that homophilic binding of JAMs via the N-terminal loop is important for its function in cells, particularly with respect to regulation of tight junction permeability. 8 -11 Studies suggest that JAM dimers can self-associate to form homotetramers, 9 but it is also been suggested that JAMs interact heterophilically with other adhesion molecules such as integrins. 12, 13 Such heterophilic interactions with integrins are thought to be most relevant to their role in leukocyte transmigration, 12, 13 as opposed to their role in tight junctions, which is thought to be mediated by homophilic binding. 11 In addition to extracellular interactions, JAMs contain a short cytoplasmic tail shown to mediate binding scaffold proteins of the postsynaptic density-95, discs large, and zonula occludens-1 (PDZ) family. JAM-A has been shown to interact specifically with tight junction-associated PDZ proteins that include zonula occludens (ZO)-1, the ALL-1 fusion partner from chromosome 6 (AF-6), calcium/calmodulin-dependent serine protein kinase (CASK), and atypical PKC isotype-specific interacting protein (ASIP). 14 -16 Although the functional significance of such interactions is not well understood, evidence suggests that they serve as a link to signal transduction pathways critical for regulation of cell polarity, growth, and differentiation. For example, studies from our laboratory suggest that JAM-A expression regulates epithelial cell morphology, possibly by affecting of ␤1 integrins via the small GTPase Rap1. 17 We hypothesize that the link between JAM-A and the Rap1 pathway is mediated by a common interaction with AF-6 or a related PDZ protein. 18 Thus, the function of JAM proteins in the tight junction appears to involve not only extracellular adhesive interactions but also cytosolic interactions with PDZ proteins linked to signaling pathways that regulate cell growth and development.
In the corneal endothelium, the molecular composition of tight junctions is largely unknown. Although the ultrastructure of tight junctions in the corneal endothelium has been studied extensively, 1, 19, 20 little is known about the specific molecules that compose these structures. In fact, ZO-1 is the only tight junction protein to date that has been demonstrated in the corneal endothelium. 21 Although JAM-A has been implicated in tight junction function in variety of epithelial tissues, [3] [4] [5] 8, 11 no study to date has investigated the role of JAM proteins in the corneal endothelium. Our present study is therefore significant, because we demonstrate that JAM-A is expressed in tight junctions of the corneal endothelium along with one of its known binding partners, AF-6. In addition, we provide evidence that JAM-A regulates corneal endothelial barrier function as evidenced by the effect of JAM-A antibodies on corneal swelling after transient calcium-depletion. These results suggest that JAM-A is a functional component of corneal endothelial tight junctions, and we believe these findings provide a framework for further studies investigating the role of JAMs and their binding partners in the corneal endothelium.
METHODS

Antibodies
Monoclonal antibodies against the human JAM-A, clones 7G2C9, J3F.1, and 1H2A9 were raised in female BALBc mice immunized with recombinant human JAM-A protein according to previously described methods. 3 Immunoreactivity of 7G2C9, J3F.1, and 1H2A9 with JAM-A was confirmed by ELISA and by immunofluorescence staining of T84 epithelial cell monolayers. Polyclonal antibody against JAM-A was raised in rabbits using the recombinant extracellular domain of human JAM-A as the antigen. 3 Mouse monoclonal antibody against human JAM-C (clone MAB1189) was obtained from R&D Systems (Minneapolis, MN). Mouse monoclonal antibody against human CAR (clone RmcB) was obtained from Upstate Biotechnology (Lake Placid, NY). Mouse monoclonal antibody against human ZO-1 (clone ZO-1-1A12) was obtained from Zymed Laboratories, Inc. (South San Francisco, CA). Mouse monoclonal antibody against human AF-6 (clone 35) was obtained from Transduction Laboratories (San Jose, CA). Alexa Fluor 488-conjugated goat anti-mouse antibodies were obtained from Invitrogen (Eugene, OR).
Confocal Immunofluorescence Microscopy
New Zealand White rabbits were killed, and their corneas were isolated and fixed in 10% acetic acid in 100% ethanol at Ϫ20°C for 20 minutes. Fixed corneas were blocked in 1% bovine serum albumin in Hanks' balanced salt solution containing calcium and magnesium (HBSS ϩ ). Primary antibodies to JAM-A, JAM-C, CAR, ZO-1, and AF-6
were diluted in blocking buffer at a concentration of 2 g/mL and incubated with corneas for 1 hour at room temperature. Primarylabeled corneas were washed twice in HBSS ϩ and then labeled with secondary antibodies for 1 hour at room temperature. Nuclei were counterstained with To-Pro 3 nucleic acid stain (Invitrogen), washed twice with HBSSϩ, and mounted (Prolong Antifade Agent; Invitrogen). Immunofluorescence confocal microscopy was performed with a laser scanning microscope (LSM 510; Carl Zeiss Meditec, Inc., Oberkochen, Germany). For competitive binding experiments, the primary antibody 7G2C9 (2 g/mL) was incubated with a 10-fold excess of recombinant soluble JAM-A (20 g/mL) for 1 hour at room temperature. The remainder of the protocol was performed as described earlier. 
Tight Junction Permeability Assays
Transepithelial resistance (TER) to passive ion flow was monitored in epithelial cell monolayers using a calcium-switch method, as previously reported. 3, 11 In brief, SK-CO15 epithelial cells were grown on permeable polycarbonate membranes (0.4-m pore size). TER values were recorded using a voltmeter (EVOMX, with an STX2 electrode; World Precision Instruments, Sarasota, FL). Initial resistance values for confluent SK-CO15 monolayers 4 to 7 days after seeding were consistently greater than 1000 ⍀ ⅐ cm 2 . To disrupt intercellular junctions, cells were treated with calcium-free medium (minimum essential medium with 10 mM HEPES, 18 mM NaHCO 3 , 6% newborn calf serum dialyzed in phosphate-buffered saline, and 2 mM EGTA). After 45 minutes at 37°C in calcium-free medium, TER was recorded for each monolayer yielding TER values less than 50 ⍀ ⅐ cm 2 . Cells were washed twice with normal growth medium and incubated in normal growth medium containing 10 g/mL of antibody anti-JAM-A mAb 7G2C9 or an isotype-matched IgG control at 37°C. Sequential TER measurements were made at various time points thereafter. TER recovery was reported as the percentage of the final TER relative to the initial TER value for each monolayer.
Corneal Swelling Assays
Assays for corneal swelling were performed as previously reported. 22 In brief, New Zealand White rabbits were killed, and corneas were isolated and mounted in pairs in an in vitro specular microscope. Corneal endothelia were perfused in glutathione bicarbonated Ringer's (GBR) solution containing 6.521 g/L NaCl, 0.358 g/L KCl, 0.115 g/L CaCl 2 , 0.159 g/L MgCl 2 , 0.103 g/L NaH 2 PO 4 , 2.454 g/L NaHCO 3 , 0.9 g/L glucose, and 0.92 g/L reduced glutathione. Temperature and pressure were maintained at 37°C and 15 mm Hg. After perfusion in GBR for 15 minutes, corneas were switched to calcium-free GBR for 1 hour, to disrupt cell junctions and induce corneal swelling. After 1 hour, corneas were switched back to either GBR alone for controls or to GBR containing anti-JAM-A antibody 7G2C9 (10 g/mL). Changes in corneal thickness were then measured at various time points thereafter. For each corneal thickness measurement, the specular microscope was focused on the corneal epithelium, and the position of the focal plane of corneal epithelium was recorded with a digital readout linked to the focus adjustment mechanism. A second recording was then made at the focal plane corresponding to the corneal endothelium, and corneal thickness was calculated in micrometers as the distance between the epithelial and endothelial layers. Corneal swelling was reported as the change in corneal thickness relative to the initial value for each cornea at the time that the antibody was added. Reported values represent the average of three independent experiments with probabilities calculated using a Students t-test for paired samples. 
RESULTS
Reaction between Monoclonal Antibody 7G2C9 and JAM-A in the Rabbit Corneal Endothelium
JAM-A is a tight junction-associated adhesion molecule known to be expressed in tight junctions in various tissues. In this study, we sought to investigate whether JAM-A is expressed in tight junctions of the rabbit corneal endothelium. Although anti-JAM-A monoclonal antibodies have been used extensively to investigate JAM-A expression and function in human, murine, and canine systems, no such studies have been performed in the rabbit. Having previously developed a large panel of antibodies for study of human JAM-A, we therefore sought to screen for specific clones that react with rabbit JAM-A. To do so, immunofluorescence confocal microscopy was performed with various anti-JAM-A antibodies in rabbit corneal endothelium. As shown in Figure 1A , monoclonal antibodies 1H2A9 and J3F.1, which are known to stain tight junctions in human tissue, 3, 11 were observed to react with rabbit corneal endothelial junctions with moderate intensity but with some nonspecific background staining as well. Likewise, a polyclonal antibody raised against human JAM-A was also observed to react modestly with rabbit corneal endothelial junctions, but it too produced some degree of background staining (Fig. 1A) . In contrast to these antibodies, one specific clone, 7G2C9, produced very discrete junctional staining without significant background (Fig. 1A) . To address the possibility that binding of this antibody is due to nonspecific Fc-mediated interactions, binding of an isotype-matched control Ig was tested. As shown in Figure 1A , no staining was observed for the IgG control. To further confirm that antibody 7G2C9 reacts specifically with JAM-A in cell junctions, a 10-fold excess of recombinant JAM-A was added. As shown in Figure 1A , treatment with excess recombinant JAM-A completely abolished staining of 7G2C9 in rabbit corneal endothelial junctions. Taken together, these results suggest that monoclonal antibody 7G2C9 specifically detects JAM-A in rabbit corneal endothelial junctions.
In addition to assessing the specificity of antibody 7G2C9 by immunofluorescence microscopy, Western blot analyses were performed with lysate from rabbit corneal endothelial cells. As shown in Figure 1B , Western blot analysis with antibody 7G2C9 produced a single band at ϳ35 kDa, the predicted size for JAM-A. As a positive control, a Western blot for the tight junction-associated protein ZO-1 was also performed, and a single band at ϳ225 kDa was observed. Together with the immunofluorescence data, the Western blot experiments demonstrate that JAM-A is expressed in intercellular junctions of the rabbit corneal endothelium and monoclonal antibody 7G2C9 can specifically detect expression of this protein.
JAM-A in Tight Junctions of the Rabbit Corneal Endothelium
Having observed that JAM-A is expressed in rabbit corneal endothelial cell junctions, we conducted further experiments to assess its subcellular localization. Fresh rabbit corneas were fixed and labeled with monoclonal antibody 7G2C9, and localization of JAM-A was assessed by immunofluorescence confocal microscopy. As shown in the en face images in Figure 2A , JAM-A was observed to localize at cell-cell junctions. In addition, the transverse cross-section shown in Figure 2C illustrates the presence of JAM-A at the apical-most portion of the lateral cell membrane in the region of the tight junction. Comparison with the tight junction marker ZO-1 revealed that JAM-A and ZO-1 exhibit nearly identical localization patterns in the rabbit corneal endothelium (Figs. 2B, 2D ). In fact, examination of JAM-A localization at higher magnifications (Fig. 3) revealed discontinuities at Y-junctions where three cells intersect. These gaps in JAM-A expression are similar to those observed for ZO-1 in other studies, and such discontinuities in the TJ may explain the relatively low resistance of corneal endothelium. 21, 23, 24 Overall, our results provide evidence that JAM-A is expressed in tight junctions of the corneal endothelium, and its distribution pattern is consistent with the known tight junction marker ZO-1. 3,11 pAb is a rabbit-derived polyclonal antibody raised against recombinant human JAM-A. 3 IgG is an isotype-matched control antibody derived from the mouse. 7G2C9ϩJAM-A is the monoclonal antibody 7G2C9, with a 10-fold excess of recombinant JAM-A antigen. (B) Western blot analyses were performed to assess the specificity of the monoclonal antibody 7G2C9 for JAM-A in rabbit corneal endothelial cells. Note that the 7G2C9 antibody detects a single band at ϳ35 kDa, which is the predicted size of JAM-A. The 225-kDa tight junction protein ZO-1 is shown as a control.
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Expression of JAM-C and CAR in the Rabbit Corneal Endothelium
Having observed the expression of JAM-A in the corneal endothelium, we performed experiments to investigate whether the related proteins JAM-C and CAR were also expressed. Fresh rabbit corneas were fixed and labeled with antibodies against JAM-C and CAR and expression of JAM-C and CAR was assessed by immunofluorescence confocal microscopy. As illustrated in Figure 4 , expression of JAM-C and CAR was observed in corneal endothelium, but their localization was less discrete than that of JAM-A and was not limited to intercellular junctions. Although JAM-A was seen exclusively in tight junctions of endothelial cells (Fig. 2) , staining for JAM-C and CAR was more diffuse and mottled in appearance, with some expression apparent on the apical surface (Fig. 4) . These results suggest that JAM-C and CAR are expressed in the corneal endothelium, but they do not exhibit the discrete tight junction-associated staining pattern seen with JAM-A. Such differences in subcellular localization may simply reflect differences in the function of JAM-C and CAR compared to JAM-A in the corneal endothelium. For example, in intestinal epithelial cells, JAM-C has been observed to localize in desmosomes rather than tight junctions, and its function appears to relate to leukocyte migration rather than paracellular permeability.
25
AF-6 in Tight Junctions of the Rabbit Corneal Endothelium
PDZ scaffold proteins such ZO-1 and AF-6 play a vital role in organizing the numerous transmembrane and cytosolic proteins that comprise the tight junction. JAM-A is known to bind to both ZO-1 and AF-6 through its PDZ-binding domain. 15, 26 In addition, evidence suggests that interactions between JAM-A and AF-6 underlie JAM-A-mediated regulation of cell morphology via the Rap1 pathway. 17 Given these known relationships between JAM-A and AF-6, we sought in investigate whether AF-6 is expressed in tight junctions of the corneal endothelium. Fresh rabbit corneas were fixed and labeled with antibodies against AF-6, and immunofluorescence confocal microscopy was performed. As shown in Figure 5A , expression of AF-6 was observed in intercellular junctions of the corneal endothelium. The transverse cross-sectional images shown in Figure 5B illustrate that, like JAM-A and ZO-1, AF-6 localizes in the apicalmost part of the lateral cell membrane in the region of the tight junction. Overall, our results strongly suggest that AF-6 is a component of corneal endothelial tight junctions, and this is consistent with previous studies that report a functional relationship between AF-6 and JAM-A.
15,17
Effect of Antibodies to JAM-A on Swelling of Rabbit Corneas
Antibodies to JAM-A have been shown to disrupt tight junctions and increase paracellular permeability across cell monolayers in vitro. 3, 4, 11 Given our observation that JAM-A is expressed in corneal endothelial tight junctions (Fig. 1) , we sought to investigate whether an antibody to JAM-A (clone 7G2C9) can affect the permeability of the corneal endothelium. Before performing experiments with this antibody in whole rabbit corneas, however, we first sought to confirm that our antibody has functional effects on cell monolayers in vitro.
To do so, a "calcium-switch" protocol was performed as previously described. 3, 11 As shown in Figure 6A , TER recovery was monitored at a series of time points after calcium-repletion in the presence of antibody to JAM-A or an isotype-matched control. After 10 hours of incubation, control cells recovered more than 60% of their initial TER, whereas JAM-A antibodytreated cells recovered to only 12% (Fig. 6A ). This effect of JAM-A antibody on TER was observed to be statistically significant at 2.5, 6, and 10 hours (P Ͻ 0.05).
Having confirmed that our JAM-A antibody affects cell monolayer permeability in vitro, we then performed experiments to determine the effect of JAM-A antibody on rabbit corneal endothelium. Fresh corneas from New Zealand White rabbits were mounted in pairs in an in vitro specular microscope, and the endothelial surfaces were perfused with GBR solution. Corneas were transiently perfused in calcium-free GBR to initiate corneal swelling and then switched back to complete GBR in the presence or absence of JAM-A antibody. Corneal swelling was measured in terms of changes in corneal thickness, as assessed by measurement in the specular microscope at various time points after addition of the anti-JAM-A antibody. As shown in Figure 6B , both the control corneas and corneas treated with JAM-A antibody continued to swell after calcium restitution, but the JAM-A antibody-treated corneas swelled to a much greater degree. After 160 minutes, the average swelling of control corneas was 51 m versus 83 m in JAM-A antibody-treated corneas (Fig. 6B) . In total, treatment with the JAM-A antibody produced a 63% increase in swelling relative to the control, and this difference was statistically significant (P Ͻ 0.05). Overall, these results show that treatment of the endothelium with a JAM-A antibody dramatically affected swelling of the rabbit cornea. This functional effect is consistent with JAM-A's being a component of corneal endothelial tight junctions (Fig. 2) and supports previous studies suggesting that JAM-A regulates tight junction permeability. 3, 4, 11, 17 
DISCUSSION
Tight junctions play an important role in maintaining the integrity of the corneal endothelial barrier. Although corneal endothelial tight junctions have been studied extensively at the ultrastructural level, little is known about their molecular composition. Before this study, the only protein known to be expressed in corneal endothelial tight junctions was the PDZ scaffold protein ZO-1. 21 In addition, none of the canonical transmembrane adhesion molecules normally found in tight junctions, be it claudins, occludins or JAMs, had been identified in corneal endothelium. Thus, our present findings are significant, providing evidence that JAM-A, a tight junction- associated adhesion molecule, and AF-6, a tight junction-associated PDZ protein and binding partner of JAM-A, are expressed in tight junctions of the corneal endothelium. In addition to demonstrating expression of these proteins, we provide functional data showing that JAM-A plays a role in regulation of corneal swelling. Our findings provide insight into the molecular composition of corneal endothelial tight junctions and suggest that JAM-A and AF-6 may be useful targets for future study of the corneal endothelial barrier in various corneal diseases.
JAM proteins are expressed in a variety of types of cells throughout the human body. JAM-A has a particularly broad expression profile that includes epithelial cells, endothelial cells, platelets, and leukocytes. [3] [4] [5] [27] [28] [29] In tall columnar epithelial cells, JAM-A has been observed primarily at the apicalmost part of the lateral membrane in the region of the tight junction. 3 To a lesser extent, JAM-A is also observed along the lateral membrane of epithelial cells, and the functional significance of these two pools is not known. 3 Given that corneal endothelial cells are basically squamous epithelium, it is not 
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surprising that their tight junctions would contain JAM-A, just like other epithelial tissues. It is noteworthy, however, that the JAM-A was observed exclusively in the tight junction of the corneal endothelium (Fig. 2 ) in contrast to tall columnar epithelial cells, where lateral membrane staining was also seen. Although this observed difference may reflect actual differences in the functions of JAM-A in these tissues, it is also possible that the antibody used to detect JAM-A in rabbit simply recognizes a subset of the JAM-A epitopes present in cells. This possibility is especially relevant, considering that the antibody used to detect JAM-A in this study, clone 7G2C9, was raised against human JAM-A protein and not the rabbit homologue. Yet, based on its ability to stain rabbit endothelium, antibody 7G2C9 clearly reacts with high specificity to the rabbit form of JAM-A ( Fig. 1 ) and has functional effects in rabbit corneal endothelium (Fig. 6 ). These findings alone suggest that JAM-A is a highly conserved adhesion molecule whose expression has been evolutionarily conserved in a broad range of tissues among distantly related mammals. Functionally, tight junctions of the corneal endothelium are known to be "leaky" compared with those of columnar epithelial cells, and studies suggest that this leakiness may in part be due to discontinuities at Y-junctions where three corneal endothelial cells meet. 21, 23, 24 Gaps in ZO-1 staining, for example, have observed such Y-junctions, 21 and it was expected that such discontinuities would be present for JAM-A as well. To investigate this possibility, we performed high-magnification confocal microscopy with antibody 7G2C9, and as with ZO-1, gaps in JAM-A expression were seen specifically at Y-junctions (Fig. 3) . Together, these results provide further evidence that the leakiness of the corneal endothelium may be in part be due to gaps in the structure of tight junctions.
In addition to investigating expression of JAM-A, experiments were performed to investigate the expression of its close relatives JAM-C and CAR. In contrast to JAM-A, which appeared to be expressed exclusively in tight junctions of the corneal endothelium, expression of JAM-C and CAR was more diffuse and not limited to intercellular junctions (Fig. 4) . It is possible that these observed differences reflect actual differences in function of JAM-C and CAR in the corneal endothelium. For example, JAM-C has been reported to be a component of desmosomes rather than tight junctions, and its function appears to be more related to leukocyte transmigration than to regulation of paracellular permeability. 25 It should be noted, however, that the observed differences in staining for JAM-C and CAR may also be explained by variability in the fixation and immunolabeling protocols used in this study. Like the JAM-A antibody, the JAM-C and CAR antibodies were raised against human proteins, and fixation and immunolabeling procedures were optimized in human epithelial cell lines. It is therefore conceivable that the antibodies used to stain rabbit tissue do not react optimally with the rabbit homologues of JAM-C and CAR or they cross-react with other epitopes found in the rabbit corneal endothelium. Further studies are needed to characterize thoroughly the subcellular localization of JAM-C and CAR in the corneal endothelium.
The mechanism by which JAM-A affects the TJ barrier function is not completely understood. As shown in the model presented in Figure 7 , evidence suggests that the N-terminal Ig domain of JAM-A mediates homophilic binding that is important for JAM-A function in tight junctions. Studies have also shown that JAM proteins bind heterophilically to integrins, and these JAM-integrin interactions may be more relevant to leukocyte migration. In addition to extracellular adhesive interac- tions, the cytosolic domain of JAMs are known to bind a host of PDZ scaffold proteins found in intercellular junctions, including ZO-1, AF-6, ASIP, and CASK. 14 -16 These PDZ proteins play an integral role in the assembly and stabilization of cell junctions, presumably through interactions with adhesion molecules, the actin cytoskeleton and signal transduction pathways that regulate cell growth and development (Fig. 7C) . For example, AF-6 is known to bind to both JAM-A 15 and the small GTPase Rap1, 18 and evidence suggests that expression of JAM-A regulates cell morphology via activation of Rap1. 17 In our present study, we demonstrate AF-6 expression in tight junctions of the corneal endothelium (Fig. 5) , but further studies are needed to elucidate the precise relationship between JAM-A and AF-6 in the corneal endothelium and its affect on the corneal endothelial barrier function.
Evidence suggests that JAM-A has an important role in the regulation of tight junction permeability. 3, 4, 11 Antibodies to JAM-A and knockdown of JAM-A by small interfering RNA (si)RNA have both been shown to reduce dramatically the TER to passive ion flux in cell monolayers. 3, 4, 11, 17 In the present study, we extended these observations to the corneal endothelium by showing that an antibody to JAM-A dramatically increases corneal swelling after transient calcium depletion. As shown in Figure 6B , treatment of rabbit corneal endothelium with antibody to JAM-A resulted in a 63% increase in swelling compared with the control. The kinetics of swelling suggest that both the control and antibody-treated groups continued to swell after calcium was repleted, but the JAM-A antibody appeared to swell to a much greater degree (Fig. 6B ). This observation is understandable, because calcium-depletion is known to disrupt intercellular junctions reversibly, and recovery from calcium depletion is not an instantaneous process. The data from the endothelial-perfused corneas also suggest that the antibodies to JAM-A disrupted or delayed junctional resealing after the calcium switch, because these corneas continued to swell. Although antibody-antigen interactions tend to have a high affinity, it is likely that the function-blocking JAM-A antibody was eventually degraded, endocytosed, or outcompeted by endogenous ligand, thereby allowing junctional resealing to continue. Further studies, however, are needed to determine the exact mechanisms by which the JAM-A antibodies affect corneal swelling.
It is interesting that the time course of the effect of anti-JAM-A antibody on corneal swelling differed from that of TER recovery. That is, the TER recovery process occurred over the course of many hours (Fig. 6A) , whereas the time course of corneal swelling was on the order of minutes to hours (Fig.  6B) . One potential explanation is that there are inherent differences in morphology and functional properties of the cells assayed in these two experiments. In the case of the TER recovery assay, tall columnar epithelial cells with high-resistance tight junctions (Ͼ1500 ⍀ ⅐ cm 2 ) were used. In contrast, the corneal swelling assays were performed on whole rabbit corneas, with the squamous endothelium having relatively lowresistance junctions (Ͻ100 ⍀ ⅐ cm 2 ). It is therefore possible that the basic kinetics of junction assembly and disassembly differ among these cells types, and consequently the time it takes for the TJ barrier to recover in these cells may differ as well. A second possibility is that the mechanism by which the anti-JAM-A antibody affects corneal swelling may not be directly related to TER and TJ permeability. For example, TJ proteins are also thought to play an important role in signal transduction and regulation of cell polarity. Antibody 7G2C9 affect the polarity of the endothelial cells, thereby interfering with other proteins critical for endothelial deturgescence, such as the Na/K-ATPase pumps.
Overall, the data presented in this study provide evidence that JAM-A and its putative binding partner AF-6 are expressed in cell junctions of the corneal endothelium. In addition, it appears that JAM-A-related proteins such as JAM-C and CAR are also expressed in the corneal endothelium. Although the functional properties of JAM-A are not entirely understood at this time, evidence presented in this study suggests that JAM-A plays a role in regulation of corneal swelling. Further studies are needed to elucidate the mechanism by which this occurs.
